3 It can also be seen that the membrane tension plays a negligible role in the cell uptake rate for at R > R 3D opt .
min . This is consistent with eqn (13), since max{dE el /d f } increases as the membrane tension increases. 3 It can also be seen that the membrane tension plays a negligible role in the cell uptake rate for at R > R (inset) represents the maximum allowable radius for wrapping, which is about 790 nm here.
Kinetics of receptor-mediated endocytosis of cylindrical elastic nanoparticles
In the main text, we have analyzed the kinetics of receptor-mediated endocytosis of spherical elastic nanoparticles. Here we consider an infinitely long cylindrical elastic nanoparticle of radius R wrapped around by an initially flat cell membrane with in-plane length of 2L(≫ R). The cylindrical nanoparticle is uniformly coated with immobile ligands at a density of ξ L and the receptors in the cell membrane initially obey a uniform distribution at a density of ξ 0 (≪ ξ L ). A symmetric configuration is assumed in this two-dimensional (2D) analysis. To model the receptor-mediated endocytosis of such a cylindrical elastic nanoparticle, the same theoretical framework adopted in the main text for the case of an elastic spherical nanoparticle is employed here. The receptor conservation condition requires ∂ ∂t
where a(t) is the half-width of the contact region and s is the arclength of the cell membrane.
Substituting the continuity equation
into eqn (S1) while noting that the total arclength of the cell membrane is fixed and j = 0 at the remote boundary yields
where f ≡ a/(πR) ∈ [0, 1] is the wrapping degree. Substitution of the kinetic relation j = −D∂ ξ /∂ s into the continuity eqn (S2) yields the governing equation for the diffusion of receptors on the outer free membrane,
Different from the case of spherical nanoparticles in which the diffusion equation (eqn 6) as well as boundary condition (eqn 4) depends on the r-coordinate of the cell membrane, the diffusion eqn (S4) in the 2D case is independent of r-coordinate and only depends on the arclength s along the membrane.
The total free energy F(t) of the system is given as
where E el is the elastic deformation of the cell membrane and the deformed nanoparticle 3,4 and its prefactor 2 of the square bracket in eqn (S5) stems from equal energy contributions from the rightand left-hand sides of the system.
Differentiation of F(t) in eqn (S5) with respect to t and consideration of power balance lead to
At the initial contact state (t = t 0 ), the membrane can be regarded approximately as a flat membrane of an infinite size and the receptor density is given as 
tuting eqn (S7) and (S8) and ξ + into eqn (S6), α introduced in eqn (S8) can be determined from
Once α is known, ξ (s,t 0 ) at the initial stage of contact is given in eqn (S7). Following a procedure similar to that in the case of a spherical elastic nanoparticle, we can determine the wrapping rate d f /dt and the total wrapping time is then obtained as t w = Fig. S3 shows the elastic energy derivative dE el /d f as a function of the wrapping degree f for different values of the particle-membrane stiffness ratio κ p /κ m atσ = 0.5. With the knowledge of the profile of dE el /d f and following the numerical scheme for obtaining d f (t)/dt discussed above, we can obtain f (t) and the total wrapping time t w .
Following the similar corresponding procedure in the main text, the minimum wrapping radius 
whereĒ el = E el R and γ ≡ e RL k B T ξ L is the effective adhesion energy due to the specific ligandreceptor binding and max{dĒ el /d f } represents the maximum value of dĒ el /d f . The equality in eqn (S10) only holds atξ = 1. The last term in eqn (S10) can be regarded as the minimum nanoparticle radius obtained from the free energy minimization of the total elastic deformation energy and adhesion energy. 3 Therefore, eqn (S10) indicates that R 2D min obtained based on the kinetic model of receptor diffusion is slightly larger than that derived from the static energy analysis in which equal density of ligands and mobile receptors and no occurrence of receptor diffusion are explicitly assumed. Since max{dĒ el /d f } increases as κ p decreases (Fig. S3) , eqn (S10) also indicates that R 2D min increases as κ p decreases, as demonstrated in Fig. S4a . As we analyze in the main text, this is consistent with our previous studies on the effects of particle elasticity on the cell uptake. 3, 4 Limited by the number of receptors (2Lξ 0 ) available to bind ligands (2πRξ L ) on the cylindrical nanoparticle, the maximum wrapping radius R 2D max is approximated as
Nanoparticles of radius R ∈ (R 2D min , R 2D max ) are capable of entering the cell via receptor-mediated endocytosis. As indicated in eqn (S10) and (S11), the wrapping radius range (R 2D min , R 2D max ) becomes broader asξ increases. Compared to eqn (13) and (14) in the case of spherical nanoparticles, the wrapping radius range in the 2D case is much narrower at the same value ofξ . Based on these two observations, we chooseξ = 0.1 instead ofξ = 0.025 in our numerical analysis for the 2D case to exemplify the profile of t w as a function of R in a broad range (Fig. S4) . The critical receptor density ratioξ c , over which full wrapping is possible, can be determined from the relationship R 2D min (ξ c ) = R 2D max (ξ c ). In the case of spherical nanoparticles, the full wrapping state is defined at f = 1. In contrast, for cylindrical nanoparticles, the wrapping state at f = 1 is unphysical because in that case two opposing parts of the cell membrane will have crossed each other above the nanoparticle. Here we consider two cases with the full wrapping state defined at f = 1 and as the left and right sides of the cell membrane touch each other above the nanoparticle, respectively. Fig. S4 shows the normalized total wrapping time t w ξ L D as a function of the nanoparticle radius R for different κ p /κ m atσ = 0.5, ξ = 0.1 and L = 10 µm. The values of other parameters can be found in Table 1 in the main text. For this case with full wrapping defined at f = 1, the total wrapping time t w for different κ p /κ m is indistinguishable (Fig. S4a) . This is reasonable since the rate of receptor diffusion is generally proportional to the length of the contact edge which is independent of κ p /κ m in this 2D case. In the latter case where a stiffer nanoparticle achieves the full wrapping state at a smaller wrapping degree f , the stiffer nanoparticle undergoes a faster wrapping process than a softer one due to a shorter wrapping length required for a full wrapping state (Fig. S4b) .
